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Claim 

Articles with, pho.tochromatic characteristics characterized 
by the fact that A, B, C and D below are laminated onto a plastic 
base material in the stated order: 

A. coated film mainly consisting of an organic polymer that 
contains a photochromatic compound; 

B. a hard coating film; 

C. at least two antiref lective film layers having antistatic 
characteristics ; 

D. a water repellent organic film. 
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Detailed explanation of the invention 

Industrial application field 

The present invention pertains to photochromatic materials 
that have many functions, and the invention further pertains to 
optical lenses. 

- Prior art 

Some methods of producing optical articles using 
photochromatic compounds are suggested. 

For example, a method wherein a thin transparent inorganic 
oxide film such as SiO [sic], Si0 2 , Al 2 0 3/ or Zr0 2 is deposited on 
the surface of a plastic -base material containing an organic 
photochromic material is disclosed in Japanese Kokai Patent 
Application No. Sho 58-1983] -34437 . 

Furthermore, a method wherein a film containing spiro 
oxazine is formed on a base material, a hard coat 
three-dimensional crosslinking polymer film is formed on the 
above-mentioned layer and an antiref lective film made of an. 
inorganic material is further formed is disclosed in Japanese 
-Kokai Patent Application No. Sho 64 [1989] -30744 . 

Problems to be solved by the invention 

However, the technology disclosed in Japanese Kokai Patent. 
Application No. Sho 58 [1983] -34437 does not provide durability at 
the time of formation of a thin transparent inorganic oxide film 
on the base material, for example, formation of cracks occur on 
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the coated film due to heat since " the film is directly deposited 
on the plastic base material . 

On the other hand, an adequate degree of surface hardness 
and highly durable photochromatic characteristics can be achieved 
in the technology disclosed in Japanese Kokai Patent Application 
No. Sho 64 [1989] -30744, but adsorption of dust is likely to occur 
and any droplet adsorbed water is likely to be left behind. 

The present invention is to eliminate the above-mentioned 
problems in prior arts and the objective of the present invention 
is to produce photochromatic articles having antistatic 
characteristics, antiref lective characteristics, and water 
repellency . 

Means to solve the problem 

In order to achieved. the above-mentioned objective, the 
present invention has the structure described below. 

"Articles with photochromatic characteristics characterized 
by the fact that A, B, C and D below are laminated onto a plastic 
base material in the stated order: 

A. a coated film mainly consisting of an organic polymer 
that contains a photochromatic compound; 

B. a hard coating film; 

C. at least two antiref lective film layers having antistatic 
characteristics ; 

D. a water repellent organic film." 

For the plastic base material used in the present invention, 
moldings of acrylic resin, polycarbonate, polyester, cellulose- 
derivative resin, diethylene glycol bisallyl carbonate polymer, 
di (meth) acrylate polymer of (halogenated) bisphenol A and the 
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copolymers thereof, urethane -modified di (meth) acrylate polymer 
of (halogenated) bisphenol A and the copolymer thereof, 
polystyrene and copolymer thereof, for example, lens, sheet, 
film, etc., can be mentioned. Furthermore, dyes and pigments can 
be used for coloring and it is possible to add a special 
ultraviolet absorber, and optical dyes for an increase in the 
contrast and a fashion sense. 

In the present invention, an organic polymer coated film A 
containing a photochromatic compound is formed on the 
above-mentioned base material as the first layer and for examples 
of a compound having photochromatic characteristics, spiro 
oxazine, spiropyrane, azo compound, fulgide compound, triallyl 
methane compound, salicylidene aniline compound, dithizone 
mercury compound, etc. can be mentioned. 

Among those listed above, from the standpoint of decoloring 
characteristics, repeated coloring and decoloring, light 
resistance, etc., spiro oxazine compound is especially desirable. 

For spiro oxazine compound, for example, the compound shown 
in the general. formula (I) below can be mentioned. 



(Wherein, X is OR 7 or a nitrogen, R 7 is selected from the group 
consisting of hydrogen, C 1 -C 8 alkyl groups, alkoxy groups and 
halogens. R 1 is selected from the group consisting of C^-Ce alkyl 
groups and C 7 -C 20 substituted or nonsubstituted aralkyl group. R 
and R 3 are each selected among the group of hydrogen, CVC5 alkyl 
group, phenyl group, mono- and di- substituted phenyl group, and 




( 1 ) 



6 



benzyl group, or R 2 and R 3 may be bonded to form an alicyclic 
ring containing 6-8 carbon atoms (includes spiro carbon atom) , 
norbonyl group or adamantyl group. R 4 , R 5 and R 6 are selected 
among the group of Ci-Cs alkyl group, alkoxy group, halogen, 
nitro group, cyano group, hydroxy group, CV-Cg halo alkyl group, 
alkoxy carbonyl group, and amino group. 1 is an integer of 0-4, m 
is 0-2, and n is 0-3.) 

In this case, when 1, m and n are 2 or higher, R 4 , R 5 and R 6 
may be the same or different. 

For the spiro oxazine compound shown in general formula (I) 
above, known spiro (indoline) oxazine "compound, spiro (indoline) 
pyridoxazine compound, etc., can be mentioned (Japanese Kokoku 
Patent Application No. Sho 45 [1970] -28892 , Japanese Kokai Patent 
Application No. Sho 55 [1980] -36284 , Japanese Kokai Patent 
Application No. Sho 60 [1985] -53586 , Japanese Kokai Patent 
Application No. Sho 60 [1985] -112880 , Japanese Kokai Patent 
Application No. Sho 61 [1986] -233079 , DE P 33456259). 

One of the above-mentioned photochromatic compounds can be 
us r ed, but two or more different ones can be used in combination 
to further increase the absorption wavelengths of the coloring- 
source, to mix colors, and to increase the apparent wear 
resistance. 

In' this case, spiro oxazine compounds having a hydrogen, 
alkyl groups with 1-6 carbon atoms or alkoxy groups are 
especially desirable from the standpoint of light fastness, and a 
compounds containing a hydrogen, methyl group or methoxy group. is 
preferable. 

The above-mentioned photochromatic compound is dispersed in 
an organic polymer matrix and used or a polymeric functional 
group is introduced to the photochromatic compound and used as a 
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copolymerizable monomer, for example, as a copolymer with an 
acrylic monomer. For the polymeric functional group, acrylic 
group, allyl group, vinyl group, etc. can be mentioned, and for a 
photochromatic compound having a polymeric functional group, 
compounds such as those described in Japanese Kokai Patent 
Application No. Sho 63 [1988] -93788 , Japanese Kokai Patent 
Application No. Sho 63 [1988] -199279 , and Japanese Kokai Patent 
Application No. Sho 63 [1988] -250380 can be mentioned. 

The organic polymer used in this case is not especially 
limited as long as the solubility with the photochromatic 
compound is adequate. For specific examples of organic polymers 
used in this case, acrylic resins, polyurethane resins, epoxy 
resins, melamine resins, polyvinyl acetate resins, 
polycarbonate, polystyrene resins, cellulose resins, for example, 
cellulose acetate, cellulose acetate butyrate, cellulose acetate, 
propionate, hydroxyethylcellulose, hydroxypropylcellulose, etc. ; 
furthermore, polyvinyl alcohol, urea resins, nylon resins, etc. 
can be mentioned. Furthermore, two or more different types of the 
above-mentioned resins can be used in combination, or a variety 
of hardeners, crossl inking agents, etc. can be added and 
three-dimensional crosslinking can be carried out. From the 
standpoint of repeat application of the photochromatic compound 
and coloring and decoloring speed of the photochromatic compound, 
it is especially desirable when a matrix produced by a 
crosslinking reaction for an acrylic resin having a hydroxyl 
group, or carboxy group on the side chain with a melamine resin, 
or a matrix produced by a crosslinking reaction of an acrylic 
resin having an amino group with an epoxy resin is used as an 
organic polymer. 
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As a method used for production of a polymer upon 
copolymerization of a photochromatic compound having a polymeric 
functional group and another monomer in the present invention, 
radical polymerization with a radical polymerization initiator 
can be used effectively, and for the monomer used in this case: 

I) a monomer containing a carboxyl group, for example, 
acrylic acid, methacrylic acid, crotonic acid, itaconic acid, 
maleic acid, fumaric acid, etc., 

II) a monomer containing. a hydroxyl group, for example, 2- 
hydroxyethylacrylate, hydroxypropylacrylate, 2- 
hydroxyethylmethacrylate , hydroxypropylmethacrylate , 
hydroxybutylacrylate, hydroxybutylmethacrylate, allyl alcohol, 
methallyl alcohol, etc., * 

III) alkyl acrylate. or methacrylate containing nitrogen, 
for example, dime thylaminoe thy 1 acrylate, dimethylaminoethyl 
methacrylate , etc . 

IV) polymeric amide, for example, acrylamide,. 
methacrylamide, etc., 

V) polymeric nitrile, for example, acrylonitrile, 
methacrylonitrile, etc. 

VI) alkyl acrylate or methalkyl acrylate , for example, 
methyl acrylate, methyl methacrylate, ethyl acrylate, n-butyl 
acrylate, n-butyl methacrylate, 2-ethyl hexyl acrylate, etc., 

VII) polymeric aromatic compounds, for example, styrene, 
a-methyl styrene, vinyl toluene, t-butyl styrene, etc., 

VIII) a-olefins, for example, ethylene, propylene, etc> 

IX) vinyl compounds, for example, vinyl acetate, vinyl 
propionate, etc., 

X) diene compounds, for example, butadiene, isoprene, etc., 
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XI) monomer containing an ionic group, for example, styrene 
sodium sulfonate, 2 -acrylamide-2 -methyl propane sulfonate, 
(3-sulf opropyl) -potassium methacrylate, N- (3-sulfo 
propyl) -N-methacryloxy ethyl -N,N-dimethylammonium betaine, etc., 
can be mentioned. 

As for the polymerization initiator, there are organic azo 
compounds, hydrogen persulfate perchloride, ajid a redox type 
polymerization initiator wherein inorganic water-soluble 
polymerization initiator and a reducing agent such as disulfite, 
ferrous salt and ascorbic acid can be mentioned. 

The above-mentioned radical polymerization reaction is 
performed by a standard solution polymerization reaction method 
and as for the organic solvent used in this case> solvents 
commonly used in standard. solution polymerization reaction, for 
example, ester type solvent such as ethyl acetate and butyl 
acetate, alcohol type solvent such as ethanol and isopropyl 
alcohol, ketones such as acetone and methyl ethyl ketone, 
alkylene glycol alkyl ether type solvent such as ethyl 
Cellosolve, aromatic type solvent such as toluene, and 
hydrocarbon type solvent such as hexane and cyclohexane can be 
mentioned. 

In this case, it is desirable for the thickness of the 
coated film A in the present invention to be at least 1 ]im, 
preferably at least 2 \im, from the standpoint of prevention of 
nonuniform color density due to the' film thickness. Furthermore, 
from the standpoint of coating characteristics and uniformity, a 
thickness of not more than 100 \xm is desirable . and not more than 
50 \im is especially desirable. 

The amount of the photochromatic compound included in the 
coated film A is to be determined based on the characteristics 
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required, in particular, in relation to the color density, and an 
amount in the range of 0.1-20 wt% is desirable for an optical 
lens represented by sunglass lens and corrective lens, and 0.5-15 
wt% is further desirable in this case. In the case when the 
amount used is 0.1 wt% or less, color density at near ambient 
temperature is inadequate. On the other hand, when the amount 
used exceeds 20 wt%, it is necessary to increase the amount of 
the solvent used for the matrix resin from the standpoint of 
solubility, and formation of a coated film with an adequate film 
thickness is made difficult. 

As for a method used for coating the film A onto the base 
material in the present invention, coating is performed for a 
coating solution consisting of a mixed solution of the 
above-mentioned matrix resin and photochromatic compound or a 
copolymeric polymer by means of dip coating method, spray coating 
method, bar coating method, casting coating method, curtain 
coating method and rotation, coating method; furthermore, a method 
can be used wherein coating of the matrix resin onto the base 
material is carried out first; then, the photochromatic compound 
is added to the matrix resin using a dye method, etc. 

As for the solvent used for coating of the above-mentioned 
composition, a variety of organic solvents can be used in this 
case as well, and in specific terms, solvent capable of 
dissolving both of the matrix resin and photochromatic compound, 
for example, a variety of alcohols, ketones, ethers, esters, 
aromatic hydrocarbon (halides) , aliphatic hydrocarbon (halides) , 
Cellosolves, a varieties formamides, sulfoxides, etc., can be 
mentioned, and it is not especially limited. 

In the present invention, a hard coat film is formed on the 
above-mentioned film A, and for example of film used in this 
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case, polyvinyl alcohol, celluloses, melamine resins, epoxy 
resins, polysiloxane resins, acrylic resins, urethane resins, 
etc., can be mentioned. Among those listed above, thermosetting 
resins are further desirable from the standpoint of high surface 
hardness, heat resistance, hot -water resistance, and chemical 
resistance, and from the standpoint of an increase in the surface 
hardness, polysiloxane resin is especially desirable. 

As for typical examples of compositions capable of forming 
organo polysiloxane, organic silicon compound shown in the 
following general formula (II) and/or hydrolysate thereof can be 
mentioned. 

R 8 a R 9 b SiX 4 . a . b (II) 
(Wherein, R 8 and R 9 are an organic group with 1-10 carbon atoms 
and X is a hydrolyzable group, a and b are either 0 or 1 . ) 

In this case,. R 8 and R 9 each are a hydrocarbon group having 
alkyl. group, alkenyl group, aryl . group, halogen group, epoxy 
group, glycydoxy group, amino group, mercapto group, methacryloxy 
group or cyano group and they may be the same type of group or a 
different type of group. X can be any hydrolyzable substituents 
selected among the group of halogen, alkoxy, alkoxy alkoxy, 
phenoxy or acetoxy group, a and b each are- either 0 or 1 . 

One type or two or more different types of the 
above-mentioned organic silicon compound can be added. It is 
especially desirable to use an organic silicon compound 
containing an epoxy group or glycidoxy group for application of 
dye affinity and the value can be increased further. 

In general, the above-mentioned composition is diluted in a 
volatile solvent and coated as a liquid- form composition. 
The solvent used in this case is not especially limited, and the 
absence of loss in the surface characteristics is required upon 
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application, and the solvent should be selected taking factors 
such as stability of the composition, wettability with the base 
material, and volatility into account. Furthermore, it is 
possible to use one type of solvent or the solvent can be used in 
a form of a mixture of two or more different types. 

Furthermore, as a structural component effectively used for 
an increase in the hardness of the coated film having hard 
coating characteristics and to increase the adhesion with the 
antireflective film, a fine particular inorganic oxide can be 
mentioned. The fine particular inorganic oxide used in this case 
is not especially limited as long as transparency is not lost in 
a form of a coated film, and from the standpoint of handling and 
an increase in transparency, a colloidal sol dispersion can be 
mentioned. For specific examples of the material, silica sol, 
titania sol, zirconia sol, antimony oxide sol, alumina sol, etc., 
can be mentioned. The amount of the fine particular inorganic 
oxide added is not especially limited, and in order. to further 
increase the above-mentioned effect, it is desirable to include 
an amount of at least 5 wt%, but not more than 80 wt%. In other 
words, a significant addition effect cannot be achieved when the 
amount included is less than 5 wt%; on the other hand, when the- 
amount added exceeds 80 wt%, problems such as inadequate adhesion 
to the plastic base material, formation of cracks in the film 
itself, and reduction in the impact resistance are likely to 
occur. 

For the fine particular inorganic oxide, in general, those 
with a mean particle diameter in the range of 1-200 m\i are used, 
and a particle diameter in the range of 5-100 m\i is especially 
desirable. 
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When the mean particle diameter exceeds 200 myi," the 
transparency of the coated film produced becomes inadequate, and 
the degree of turbidity increases, hence it is not possible to 
produce a thick film. On the other hand, the stability is 
inadequate and repeatability of the effect is poor when particle 
diameter is 1 mp or less. In this case, a variety of surfactants 
and amines can be included to increase the dispersibility of the 
fine particles without an adverse effect. Furthermore, two or 
more different types of fine particular, inorganic oxides can be 
used in combination as well without any adverse effect. 

Moreover, it is possible to use a varieties of surfactants 
in the coating composition used for formation of a hard coat film 
in-order to further increase the flow characteristics at the time 
of coating, and in particular, use of a block copolymer or graft 
copolymer of dimethyl polysiloxane and alkylene oxide; 
furthermore, a fluorine- type surfactant is effective. 

Furthermore, an ultraviolet absorber can be added to 
increase the weather resistance, and an antioxidant can be added 
to improve thermal degradation. 

In addition/ varieties of inorganic compounds can be further 
included in the above-mentioned coating composition within an 
amount that does not cause a significant deterioration in coating 
performance and transparency, etc. When the above-mentioned 
additives are used in combination, various characteristics such 
as adhesion, chemical resistance, surface hardness, wear 
resistance and dye affinity can be improved. For the 
above-mentioned additives that can be used in this case, as an 
inorganic material, a metal alkoxide shown in the following 
general formula [III] and a variety of chelate compounds and/or a 
hydrolysate thereof can be mentioned as a desirable materials. 
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M(OQ) m (III) 

(Wherein, Q is an alkyl group, acyl group, or alkoxy alkyl 
group, and the value of m is the same as the valence of the metal 
M. For examples of M, silicon, titanium, zirconium, antimony, 
tantalum, germanium, aluminum, etc., can be mentioned.) 

In order to produce a coated film having hard coat 
characteristics in the present invention, a variety of hardeners 
can be included for the purpose of promoting low-temperature 
curing, etc. For the hardener, a variety of epoxy resin hardeners 
or a variety of organic silicon resin hardeners can be used. 

For specific examples of the above-mentioned hardeners, 
various organic acids and acid anhydrides thereof, nitrogen- 
containing compounds, various metal complex compounds or metal 
alkoxides can. be mentioned; furthermore, a variety of salts of 
alkali metals, such as organic carboxylates and carbonates, as 
well as radical polymerization initiators such as peroxides and 
azobisisobutyronitriles can be mentioned. At least, two different . 
types of the above-mentioned hardeners can be mixed and used in 
combination. Among those listed above, the aluminum chelate 
compound shown below is especially desirable in the present 
invention from the standpoint of stability of the coating 
solution and prevention of coloring of the coated film after 
coating. 

In this case, the aluminum chelate compound is one of the 
aluminum chelate compounds represented by the general formula 
AlY n Z 3 „ n . 

(In this case, Y is OL (L is a lower alkyl group) , Z is at least 
one substance selected from the groups . of coodinates based on the 
compound represented by the general formula M 1 COCH 2 COM 2 (M 1 and M 2 
are each lower alkyl groups) and coodinates based on the compound 
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represented by general formula M 3 COCH 2 COOM 4 (M 3 and M 4 are each 
lower alkyl groups), and n is 0, 1 or 2 . ) Among the aluminum 
chelate compounds represented by the general formula AlY n Z 3 . n/ 
compounds such as aluminum acetyl acetonate, aluminum bisethyl 
acetoacetate monoacetyl acetonate, 

aluminum-di -n-buthoxide-monoethyl acetoacetate , aluminum- 

di-isopropoxide-monomethyl acetoacetate, etc. y are especially 

i. 

desirable from the standpoint of solubility in the composition 
and stability, and acting as a curing catalyst. In this case, a 
mixture of two* or more different types of compounds can be used 
in combination. 

As for the coating method, methods commonly used for 
standard coating processes can be used in this case as well, and 
the dip coating process, casting coating process, spin coating 
process, etc., are desirable. In general, the coating composition 
coated as described above is cured by means of drying under heat. 

With regard to the heating method, hot air, infrared 
heating, etc., can be used. Furthermore, the temperature used for 
heating is determined according to the base material and coating 
composition, but in general, a temperature in the range of room 
temperature to 2 50°C is suitable and a temperature in the range 
of 35-200°C is especially suitable. When the temperature is below 
the [lower limit of] the above-mentioned range, curing or drying 
is likely to be inadequate; on the other hand, when the 
temperature is above the above-mentioned range, thermal 
decomposition and formation of cracks are likely to occur, and 
problems such as yellowing are likely to occur, as well. 

The thickness of the film having hardcoat characteristics 
used in the present invention is not especially limited. In this 
case, from the standpoint of retention of the adhesive strength 
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and hardness, a thickness in the range of 0.1-20 |im is suitable. 
And in the range of 0,4-10 \xm is especially desirable. 

In the present invention, antiref lective film C having 
antistatic characteristics is formed on the above-mentioned 
coated film B and film C and has a multilayer structure of . at 
least two layers. As a component used for imparting antistatic 
characteristics, for example, gold, silver, copper, iron, 
tungsten, aluminum, chromium, nickel, indium, antimony, ITO 
(Indium-Tin-Oxide), Sn0 2 , etc., can be mentioned, and from the' 
standpoint of light absorption and wear resistance, Sn0 2 is 
especially. effective. 

It is desirable for the thickness of the layer having 
antistatic characteristics, in other words, the layer having 
electrically conductivity, to be in the range of 50-5000 A from 
the standpoint of providing sufficient electrical conductivity 
and transparency, and in the range of 200-3000 A is especially 
desirable. As a means to form the film having electrical . 
conductivity in the present invention, a liquid coating method, a 
dry coating method such as vacuum deposition, or sputtering is 
suitable. In this case, from the standpoint of the density of the 
coated film and electrical conductivity, the dry coating method 
can be used effectively. Furthermore, for the dry coating, from 
the standpoint of reduction in the coated film formation time, 
vacuum deposition, in particular, deposition at a rate of 1 
A/sec-5 to A/sec is especially desirable for increasing the 
transparency and electrical conductivity. Upon formation of the 
coated film based on- vacuum deposition, it is desirable for the 
deposition to be carried out in an. oxygen atmosphere as a 
high-frequency energy is being applied, especially, deposition as 
the gas is being supplied at 1 x 10" 3 torr or below, and it is 
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especially desirable when the output of the high-frequency energy 
is increased, for example, to at least 50 watts, from the 
standpoint of increasing the transparency and electrical 
conductivity. Furthermore, in order to further increase the 
electrically conductivity, it is effective to heat the coating 
object base material . 

As for the transparency of the above-mentioned coated film 
having electrical conductivity, it is desirable when at least 60% 
of the total light transmittance is achieved, and for optical 
application, at least 75% is especially desirable. Furthermore, 
it is desirable for the conductivity to be lxlO 13 Q/Q or below, 
and to. be lxlO 11 Q/D for applications where especially high 
antistatic characteristics are required. 

The structural component used for the antiref lective film in 
coated film C other than the film having electrical conductivity 
is not especially limited, and for example, oxides such as Si0 2 , 
SiO, Zr0 2/ A1 2 0 3/ . TiO, Ti0 2 , Ti 2 0 3 , Y 2 0 3 , Yb 2 0 3 , MgO, Ta 2 0 3 , Ce0 2 , 
Hf0 2 , fluorides such as MgF 2 , AlF 3/ BaF 2/ LiF> CaF 2/ Na 3 AlF 6 , 
Na 5 Al 3 F 14 , and nitrides such as Si 3 N 4 can be mentioned. 

The above-mentioned substances can be used independently or 
two or more different substances can be mixed and used in 
combination. 

Furthermore, in order to increase the adhesion between the 
layers, a treatment such as a high-frequency discharge treatment 
or ion beam treatment-can.be used effectively. Moreover, as a 
material having a low refractive index that can be used • 
effectively for the uppermost layer of the antiref lective film, 
the above-mentioned oxides such as Si0 2 and Al 2 0 3 , fluorides such 
as MgF 2 , AlF 3 , BaF 2 , LiF, CaF 2 , Na 3 AlF 6 , Na 5 Al 3 F 14 , etc., can be 
mentioned as suitable examples, and from the standpoint of a 
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sufficient degree of hardness, adhesion, water repellency, and 
heat resistance, a coating consisting mainly of Si0 2 is 
especially desirable. In this case, a coating having a low 
refractive index mainly consisting of Si0 2 means a film having at 
least 50 wt% of Si0 2/ and the other components included in the 
film are not especially limited. 

As described above, the antiref lective film C having 
antistatic characteristics used in the present invention is a 
multilayer film having at least one layer of a coated film 
displaying electrical conductivity; and a layer consisting of a 
different component, and the optimum combination of the film 
structure used in the multilayer film varies depending on the 
refractive* index of the plastic base material, film thickness or 
refractive index of the hard coat film, etc. Especially, many 
combinations are being suggested from the standpoint of 
antiref lective characteristics (Optical Technology Contact, Vol. 
9, No. 8, 17-23 (1971). "Optics of thin Films," 159-283, A. 
Vasicek (North-Holland Publishing Company), Amsterdam (I960)) and 
the above-mentioned suggestions can be used in this case, as 
well, without any problem. When the present invention is applied 
in optical applications, in particular, to optical lenses, it is 
desirable for the electrically conductive film used to be the 
lowermost layer (the first layer of coated film B) or an- 
interlayer, and a film mainly consisting of Si0 2 is used for the 
uppermost layer (outermost layer of the antiref lective film) from 
the standpoint of surface hardness, antiref lective 
characteristics, chemical resistance, and wear resistance, etc. 

On the other hand, it is adequate when the film having 
antistatic characteristics and antiref lective characteristics 
comprising the two above-mentioned layers is formed where 
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antistatic characteristics and antiref lective characteristics are 
required; thus, the film may be formed over the entire surface of 
the plastic base material or over a part of the surface. 

In coating the film consisting of the water repellent 
organic material used in the present invention, it is desirable 
to set the thickness of the film to be 500 A or less so that a 
reduction in the antiref lective characteristics does not occur. 
In this case, the film thickness of 500 A or less means that the 
mean thickness is 500 A or less. In general, when Si0 2 , which is 
the outermost layer of the plastic antiref lective film, is 
microscopically observed, for example, when an examination is 
made by a field emission type scanning electron microscope, 
deposition of granules in the range of 100-500 A is observed. 
Thus, coating of the water repellent organic material means the 
case where the film is coated among the above-mentioned 
particulate deposition. However, it is desirable for the water 
repellent organic material to cover the entire surface of the 
film that forms the outermost layer of the antiref lective film. 

As for the water repellent organic material, films having 
water repellency can be used without any limitation, and use of 
an ambient -temperature curable or low- temperature curable organic, 
polysiloxane type polymer, especially polydimethylsiloxane type 
polymers is desirable since it is possible to. increase the 
stationary contact angle of the polymer with water. For specific 
examples of the above-mentioned curable organic polysiloxanes, 
compounds produced by mixing polyalkyl, polyalkenyl or polyaryl 
siloxanes such as polydimethyl siloxane having a silanol group on 
the end, polymethyl phenyl siloxane, and polymethyl vinyl 
siloxane with a variety of crossl inking agents, for example, 
tetrafunctional silanes such as tetraacetoxy silane, tetraalkoxy 
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silane, tetraethyl methyl ketooxime silane, and tetraisopropenyl 
silane or tri functional silane such as alkyl or alkenyl 
triacetoxy silane, triketooxime silane, triisopropenyl silane and 
trialkoxy silane and those reacted ahead of time can be 
mentioned. For a different example of curable polysiloxane, 
curing of a polysiloxane having Si-H bond and a compound having 
an unsaturated group in the presence of a catalyst such as 
platinum compound can be mentioned. 

As a different compound that can be used effectively in this 
case, a mixture containing fluorine, in particular, a polymer 
containing a perf uloro group containing (meth) acrylate and a 
copolymer with another monomer can be mentioned. A variety of 
different types of functional groups can be included in the 
above-mentioned polymers for the purpose of crosslinking, and for 
specific examples, a copolymer with a monomer containing a 
hydroxyl group such as hydroxy (meth) acrylate, arid a carboxyl 
group containing monomer can be mentioned. Furthermore, a 
copolymer with a monomer having a double bonds with different 
reactivities such as allyl (meth) acrylate, can be mentioned. The 
form of the above-mentioned copolymer is not especially limited, 
and a random copolymer, block copolymer, etc., can be used 
effectively, and from the standpoint of water repellency, 
adhesion with the coating object,, etc., block copolymer is 
especially desirable in this case. 

In order to promote curing or to impart curability, a 
variety of curing agents and three-dimensional crosslinking 
agents can be included in the above-mentioned composition as 
well. For specific examples of the above-mentioned compounds, 
silicone resin curing agent, silane coupling agents, a variety of 
metal alcoholates, a variety of metal chelate compounds, 
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isocyanate compounds, melamine resins, polyf unctional acrylic 
resins, urea resins, etc., can be mentioned. 

For the method used for drying and/or curing of the organic 
material upon coating is appropriately determined according to 
the base material having the antiref lective film and the material 
used, but in general, heat treatment is used at a temperature in 
the range of room temperature to 100 °C, and furthermore, curing 
can be done by means of radiation such as ultraviolet, electron 
beam, or gamma rays utilizing the curable functional group, for 
example, a double bond included in the polymer or oligomer. 

As for the coating method used for the above-mentioned 
organic material, methods commonly used for standard coating can 
be used in this case as well, and from the standpoint of 
uniformity of the antiref lective characteristic and control of 
the reflective interference color, spin coating, dip coating, 
curtain flow coating, etc., can be. used effectively. Furthermore, 
from the standpoint of workability, a method can be used wherein 
the solution is impregnated in a material such as paper or cloth 
and subsequently casting is carried out. 

In general, coating of the above-mentioned organic material 
is done after diluting with a volatile solvent. The solvent used 
in this case is not especially limited, and the type of solvent 
used is determined taking factors such as the stability of the 
composition, wettability for the inorganic material, and 
volatility into consideration. Furthermore, one type or a mixture 
of two or more different types of solvents can be used in this 
case. 

In addition, a variety of materials without reactivity can 
be included in the organic material of the present invention in 
an amount that does not interfere with characteristics such as 
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transparency and wear resistance. Especially, in order to improve 
the flow characteristics at the time, of coating, addition of the 
above-mentioned surfactants is effective. 

As a suitable example for coating of the organic material of 
the present invention, in addition to a film made of the 
above-mentioned organic polys iloxane type polymer and 
fluorine -containing organic material, a surface treatment can be 
carried out in the presence of an organic silicon compound. In 
this case, the above-mentioned organic silicon compound means a 
silicon compound having a hydrolyzable substituents , and in 
specific terms, an organic silicon compound shown in the 
following general formula (IV) can be mentioned. 

R « R " m R 12 bSi-A 3 .i. b - (-IV) . 

(Wherein, R 10 , R xl and R 12 each are one type selected among the 
group of hydrogen, alkyl group, haloalkyl group, allyl group,, 
aryl group, and haloaryl group, a and b are each 0 or 1, and A is 
a hydrolyzable group.) 

In general formula (IV) above R 10 , R 11 and R 12 may be. the 
same or different. 

For specific typical examples of the organic silicon 
substituents shown in R 10 R 11 a R 12 b Si- in the above-mentioned general 
formula (IV), trimethylsilyl , dimethyl s i lyl , methylphenylsilyl , 
vinyldimethylsilyl , ethyldimethylsilyl , diethylmethylsilyl 
triethylsilyl , allyldimethylsilyl , 3 -aminopropyldimethylsilyl , 
3 -aminopropyldiethylsilyl , 3 -aminopropylethyl methyl si lyl , 
p-biphenyldimethylsilyl, bis (p-biphenyl) methylsilyl , 
bis(p-biphenyl) phenylsilyl, p-biphenyldiphenylsilyl , bromomethyl 
dimethyl s i lyl , t r iphenyl s i lyl , bi s ( chlorome thyl ) me thy 1 s i lyl , 
chloromethyldimethylsilyl , y-chloropropyldimethylsilyl , 
. iodomethyldimethylsilyl , f luoromethyldimethylsilyl , 



23 



y- (3,3,3-trifluoro)propyldimethylsilyl, y-perf luoroalkylpropyl 
dimethylsilyl, n-propyldimethylsilyl , i-propyldimethylsilyl , 
n-butyldimethylsilyl , sec-butyldimethylsilyl , 
t-butyldimethylsilyl, t-butyldiphenylsilyl , 
1-chloroethyldimethylsilyl, 2-chloroethyldimethylsilyl , 
cyclohexyldimethylsilyl , benzyldimethylsilyl , 

n-octyldimethylsilyl , phenyldimethylsilyl , diphenylmethylsilyl , 
diphenylvinylsilyl , di-n-propylmethylsilyl ," tri-n-propylsilyl , 
y-methacryloxypropyldimethylsilyl , y-glycidoxypropyl 
dimethylsilyl, (3-cyanoethyldimethylsilyl, 

y-mercaptopropyldimethylsilyl, (3- (3 , 4-epoxycyclohexyl) ethyl 
dimethylsilyl, y-f luoropropyldimethylsilyl , 

y- (3,3 -difluoro) propyl dimethylsilyl, etc. can be mentioned. 

In particular, from the standpoint of an effective 
prevention of water stain and soil stain, organo silicon 
substitutents such as trimethylsilyl , dimethylsilyl, 
y- (3,3,3 -difluoro) propyldimethylsilyl, and phenyldimethylsilyl 
can be used effectively. 

As for the substituents shown in A in the above-mentioned 
general formula (IV) , halogens such as .chlorine and bromine, 
alkoxy groups such as methoxy, ethoxy, propoxy, and 
P-chloroethoxy, alkoxyalkoxy groups such, as ethoxymethoxy and 
methoxy, carboxy groups such as acetoxy, trif luoroacetoxy and 
benzoate, amino groups such as amino, dimethylamino, 
diethylamino, ethylamino, allylamino, anilino and n-butylamino, 
cyclic amino groups such as imidazolyl> piperidyl, 
1,2,4-triazolyl, 1 , 2 , 3 -triazolyl , pyrrol and pyrodinyl, or amide 
groups such as imino groups and acetamide, allyloxy group such as 
silanol group, vinyloxy and allyloxy, aryloxy groups such as 
phenoxy, trichlorophenoxy and nitrophenoxy , ketooxime group such 
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as dimethylketooxime and methylethylketooxime, carbamate groups 
such as N-methyl carbamate, and N- (3 -chlorophenyl) carbamate, 
dia-lkylaminoxy groups such as dimethylaminoxy and diethyl 
aminoxy, aralkyloxy groups such as benzyloxy and phenethyloxy, 
heterocycloalkoxy groups such as furfuryloxy group, cycloalkyloxy 
groups such as cyclohexyloxy , methyl vinyl oxy group, urea groups 
such as urea and diphenyl urea, etc. can be mentioned as specific 
examples. In the case when A is amino group, amide group or 
dioxime group, which is one type of oxime, di or trialkoxy group, 
urea group, etc., a compound containing at least two organic 
silicon substitutents shown in R I0 R ll a R 12 b Si- of general formula 
(IV) can be used without any problems. 

From the standpoint of uniformity of the treatment, and ease 
in handling, etc., it is desirable that the boiling point of the 
above-mentioned organic silicon compound to be in the range of 
50°C to 250°C. From the standpoint, of ease in handling after the 
treatment, and relatively low degree of odor, silazane compound, 
in particular, disilazane compound, or acetamide compound, and 
lower alkoxy compound are especially desirable. 

One type or a mixture of two or more different types of 
compounds can be used in combination for the above-mentioned 
organic silicon compound, and the above-mentioned treatment caxL 
be performed in stepwise fashion using two or more different 
types of compounds . 

In specific terms, the treatment in the presence of the 
above-mentioned organic silicon compound means dipping the 
objective in the above-mentioned organic silicon compound or 
exposing the objective to the steam consisting of thereof. The 
treatment time and treatment temperature, etc., should be 
determined according to the objective and the base material used, 
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but in general, the treatment time is in the range of 1 min to 20 
h, and the treatment temperature is in the range of 10°C to 
100°C. 

Furthermore, the above-mentioned organic silicon compound 
can be diluted with solvent such as water, alcohol, ketone, 
ester, ether, and hydrocarbon halide, or an acid or alkali can be 
added for promotion of the hydrolysis reaction without having any 
problems. From the standpoint of safety and volatility, those, 
diluted with fluorine compound can be used effectively. Moreover, 
a solvent such as alcohol and ketone can be used effectively for 
its aroma. 

The water repellent treatment based on an organic 
polysiloxane type polymer and water repellent treatment based on 
an organic silicon compound in the present invention can be used 
according to the application objective. 

Furthermore, it is desirable for the surface reflectivity of 
the multifunctional photochromic articles of the present 
invention to be 3 percent or below, and the ■ stationary contact 
angle with water to be at least 60 degrees from the standpoint of 
practical application. In this case, the surface reflectivity 
means the reflectivity for the total light at the coated film 
surface, and when each of coated films A-D is coated onto both 
surfaces of an article, it is defined as the reflectivity on both 
surfaces. When the surface reflectivity of the article after 
formation of the coated film exceeds 3%, the antiref lectiye 
characteristic is inadequate . When the article is a colorless, 
transparent material, half of the value obtained by subtracting 
the total light transmittance of the article from 100% can be 
used as the reflectivity of the surface. 
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In other words, when the surface, reflectivity exceeds 3%, a 
reflected image commonly referred to as a ghost or flare is 
formed in the case of eyeglasses and causes discomfort to the 
eyes at times. Furthermore, in the case of a looking glass and 
CRT filters, the content or display of characters cannot be seen 
clearly due to the light reflected from the surface. 

Furthermore, it is desirable for the stationary contact 
angle with water to be at least 60 degrees in the above-mentioned 
multifunctional photochromatic articles, and in this case, the 
stationary contact angle is obtained by forming a water droplet 
with a diameter of 2 millimeter or less on the optical article 
and measuring the contact angle. When the stationary contact 
angle is 60 degrees or less, not only is adequate water 
repellency not achieved but also soil is more difficult to 
remove . 

In the present invention, a pre treatment can be performed 
for each interface to increase the adhesion with the base 
material at the time of coating of film A, for increasing the 
adhesion with film A at the time of coating of the film B, for an 
increasing the adhesion with film B at the time of coating film 
C, and for increasing the adhesion with film G at ;the time of 
coating film D, respectively. For the above-mentioned 
pretreatment , a chemical treatment with an acid or alkali or 
activated gas treatment can be carried out, depending on the 
concentration. In this case, it is especially effective when an 
activated gas treatment is applied for prevention of damage to 
the photochromic compound included in filter A and for increasing 
the adhesion, and for increasing the adhesion between film B and 
film C. 
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The above-mentioned activated gas treatment means treatment 
with ions generated under ambient pressure or reduced pressure, 
electrons or an excited gas. As a method used for generating the 
above-mentioned activated gas, for example, a corona discharge 
treatment, and a high-voltage discharge treatment under reduced 
pressure via a DC voltage, low- frequency energy or high-frequency 
energy, or microwaves. From the standpoint of reproduceability 
and productivity, a low- temperature plasma treatment carried out 
under reduced pressure with high-frequency energy can be used 
effectively. The gas used in this case is not especially limited, 
and for specific examples, oxygen, nitrogen, hydrogen, carbon 
dioxide, sulfur dioxide, helium, neon, argon, Freon, steam, 
ammonia, carbon monoxide, chlorine, nitrogen monoxide, nitrogen 
dioxide, etc., can be mentioned. The above-mentioned gases can be 
used independently or a mixture of two or more different types of 
gases can be used in combination. 

The multifunctional photochromatic articles constructed of 
film A, film B, film C and film D produced as described above has 
wear resistance, photochromatic characteristics, and surface 
scratches are less likely to occur; furthermore, high 
antiref lective characteristics as well as a high antistatic 
effect and temperature dependency are absent. In addition to the 
above-mentioned functions, soil can be easily removed, and water 
droplets can be easily removed since water repellency is good, 
and water stains are less likely to form; thus, the 
photochromatic articles of the present invention can be used 
effectively for optical lenses, etc. 



28 



Application examples 

Application examples are shown below, but the present 
invention is not limited to these examples. 

Application Example 1 

(1) Production of coated film A 

(a) Production of coating composition 

300 g of 50 wt% toluene solution of a copolymer consisting 
of methyl methacrylate/butyl methacrylate/butyl acrylate/acrylic 
acid/hydroxyethyl methacrylate further diluted to 25 wt% with 
dimethyl formamide, 15 g of melamine resin, and 10.5 g of 
!_ (3-methylbenzyl) c, 3 -dimethylspiro [indollno-2 , 3 1 - [3H] 
naphtho[2, 1-b] (1 , 4) -oxazine] were added to produce a coating 
composition. 

(b) Coating and drying 

The coating composition .produced in the above-mentioned (a) 
was used and a planar lens made of CR-39 (diethylene glycol 
bisallyl carbonate polymer) was used as the plastic base material 
and coating was performed for the base material with the coating 
composition produced in the above-mentioned (1) by means of dip 
coating method at a coating rate of 2 0 cm/min and precuring 
treatment was performed for 12 min at 82°C and drying was further 
performed at 100°C for 4 h. 
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(2) Production of film B 

(a) Production of coating composition 

214 g of y-glycidoxypropyl methyl die thoxysi lane were charged 
to a reactor equipped with a rotator, 31 g of 0.05N hydrochloric 
acid solution were dropwise added at a liquid temperature of 10°C 
as stirring was being performed by a magnetic stirrer, stirring 
was continued after the above-mentioned addition for 3 0 min, and 
a hydrolysis reaction was performed. For the hydrolysate 
produced, 255 g of distilled water and 1 g of silicone type 
surfactant were added, and 500 g of colloidal silica dispersed in 
methanol (mean particle diameter of 12±1 pm, solid parts of 30%) 
and 15 g of aluminum acetyl acetonate were further added and 
thorough stirring was performed to produce a coating composition. 

.(b) Coating and drying 

The coating composition produced in the above-mentioned (2) 
(a) was used and coating was performed for the CR-39 lens having 
the coated film A produced in the above-mentioned (1) by means of 
a dip-coating process at a coating rate of 10 cm/min, and drying 
was performed at 100°C for 4 h. 

(3) Production of film C 

Coating was performed for inorganic oxides Sn0 2 /Ta 2 0 5 /Si0 2 on 
both surfaces of the hardcoat film produced in (2) above in the 
stated order using a vacuum deposition process, and a multilayer 
film having optical film thicknesses of A/4, A/4, A/4 
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( A = 521 nm) was produced. The reflective interference color of 
the antiref lective film produced was green, and the surface 
reflectivity was 1 percent. 

(4) Production of film D 

(a) Production of coating composition 

10 parts of hydrocarbon type solvent, isopar E, was added to 
10 parts of dimethyl polys iloxane having a silanol group on both 
ends (number -average molecular weight of 26,000) to dissolve, 1 
part of ethyltriacetateoxysilane, and 0.05 parts of dibutyl tin 
acetate were added and mixed and left standing overnight at room 
temperature. Subsequently, 648 parts of methyl isobutyl ketone 
and 43 2 parts of cyclohexanone were added to produce a coating 
composition. 

(b) Coating and drying 

The coating composition produced in (3) above was used and 
coating was performed for an antistatic article having an 
antiref lective characteristic produced in (a) above by means of 
the dip coating method at a coating rate of 10 cm/min, and drying 
was performed at room temperature overnight to produce the target 
article having photochromatic characteristics, antistatic 
characteristics, antiref lective characteristics, and water 
repellency. The reflective interference color of the 
photochromatic articles produced above was a green color. 
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(5) Test results 

An evaluation was performed for the performance of the 
multifunctional photochromatic articles produced above using the 
test methods described below. The result obtained was shown in 
Table I. 

(a) Surface appearance 

A visual examination was performed and abnormality was 
examined. 

(b) Adhesion test 

As a test method, 100 squares with a measurement of 1 mm 
square were formed on the film with a sharp knife and a 
cellophane tape pressure-sensitive adhesive was applied to the 
surface (product name "Cello-Tape [transliteration] , product of 
Nichiban Co.), and a rapid removal was subsequently performed at 
a right angle and peeling of the film was examined. 

(c) Hardness 

A #0000 steel wool was used and" the surface of the 
antiref lective film was rubbed 50 times under a load of 1.5 kg, 
and the surface was examined for formation of scratches. The 
criteria used was 

A. . .Absence of scratches 

B. .. Presence of many scratches 

(d) photochromatic characteristics 

Southern exposure was provided at the angle of 45 degrees 
for two weeks; subsequently light was applied using a chemical 
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lamp as the excitation light source and the coloring and 
decoloring rate were visually examined. 

In this case, the criteria was 
O ... No changes observed from a nontreated item. 
A ... Changes observed from a nontreated item, 
x ... Coloring absent upon light application. 

(e) Antistatic characteristics 

The surface of the lens was rubbed with a deer skin in a 
temperature controlled room of 2 0°C and 30 percent RH and the 
adsorption of dried ash was examined. 

A: Ash adsorption was absent. 

B: Ash adsorption was observed. 

(f) Stationary contact angle with water 

A device for measurement of the contact angle [product of 
Kyowa Kaimen Kagaku Co. (Ltd.), model CA-D] was used and a water 
droplet with a diameter of 1.5 mm was formed at room temperature 
and the droplet was brought into contact with the uppermost layer 
of the convex surface of the lens to produce a droplet. The angle 
formed between the droplet and the surface at this time was 
measured and the value obtained was defined as the stationary 
contact angle . 

(g) Soil resistance test 

5 mL of city water were poured onto the concave surface of 
the lens and left to stand under room temperature for 48 h, and 
wiped with a cloth. When removal of the fur was possible, it. was 
defined as good and defined as inadequate when not possible. 
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(h) Surface reflectivity 

SM-3 color computer [product of Suga Testing Machines 
(Ltd.)] was used and a measurement was performed for the total 
light transmission and the surface reflectivity (%) of one 
surface was obtained according to the formula shown below. 
Surface reflectivity (%) = [100 - total light transmission of 
sample] / 2 

Application Example 2 

The plastic base material was changed to the base material 
shown below and the test was performed as in the case of 
application Example 1. The test result is shown in Table I. 

A base material is produced by performing a casting 
polymerization reaction for 70 parts of a monomer containing a 
polyf unctional acrylate monomer produced by adding 0.9 mol of 
hexamethylene diisocyanate for 1 mol of a compound containing a 
hydroxyl group where bonding of 1 mol of acrylic acid was 
performed for 2 mol adduct of ethylene oxide of tetrabromo 
bisphenol A by means of esterif ication reaction, and 3 0 parts by 
weight of styrene with isopropyl peroxide used as a 
polymerization initiator, and further performing a surface 
treatment using an oxygen plasma. 

Application Example 3 

In Application Example 1, (a) and (b) of (4) were changed as 
described below, and the test was performed in the same manner. 

The antiref lective article produced in (3) of Application 
Example 1 was suspended in a container having a solution 
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consisting of 10 parts of hexamethyldisilazane and 10 parts of 
methyl isobutyl ketone at the bottom, and the article was exposed 
to the steam of hexamethyldisilazane and methyl isobutyl ketone 
for 3 0 min and a treatment was performed for an organic silicon 
compound. The test result obtained is shown in Table I. 

Comparative Example 1 

In Application Example 1, film D of (4) was omitted, and the 
test was performed in the same manner. The test result obtained 
is shown in Table I. 

Table I 
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Effect of the invention 

A multifunctional photochromatic article produced by the 
present invention has the advantages described below. 

(1) The surface reflectivity is low and the surface hardness 
is high, and furthermore, practical wear resistance is high. 

(2) Temperature dependency is absent and antistatic 
characteristic is good. 

(3) Water droplets can be easily shaken off because of the* 
excellent water repellency, and removal of water stains, etc., 
can be easily removed even after drying. 

(4) Heat resistant is high and water resistance is good. 

(5) Excellent photochromatic characteristics having good 
repeatability and decoloring effect can be achieved. 
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